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D.  Brief  Description  of  Project 

Surface  chemistry  and  surface  diffusion  play  pivital  roles  in 
semiconductor  processing  and  must  be  understood  as  electronc 
device  dimenisions  approach  the  submicron  level.  In  this  project, 
basic  time-dependent  processes  on  silicon  surfaces  are  being 
examined  using  laser  induced  thermal  desorption  (LITD)  and  Fourier 
transform  infrared  (FTIR)  spectroscopy.  These  techniques  proved 
direct,  quantitative  measurements  of  surface  coverage  in  real-time. 
Using  LITD  and  FTIR  techniques,  emphasis  is  on  a  microscopic 
understanding  of  semiconductor  surface  reaction  kinetics. 

The  major  areas  being  addressed  include  the  kinetics  of 
fundamental  semiconductor  processing  steps  such  as:  surface 
oxidation  and  nitridation;  epitaxial  growth  on  surfaces;  and  surface 
etching.  The  Si(l  11)7x7,  Si(100)2xl  and  GaAs(lOO)  crystal  planes,  as 
well  as  porous  silicon,  are  being  used  as  the  model  semiconductor 
surfaces.  These  studies  are  being  conducted  in  UHV  using  Auger  and 
LEED  spectroscopy  for  surface  analysis  and  characterization.  The 
kinetic  parameters  that  are  determined  by  these  LITD  and  FTIR 


studies  are  crucial  for  the  understanding  and  modeling  of 
semiconductor  processing  chemistry. 

E.  Significant  Results  Purina  the  Last  Year 

Our  ONR-sponsored  research  has  been  very  successful  and 
productive  over  the  last  year.  We  began  the  year  by  finishing  our  laser 
induced  thermal  desorption  (LITD)  study  of  SiCl4  adsorption  and 
desorption  on  Si(l  11)7x7.  Silicon  tetrachloride  is  important  in  the 
epitaxial  growth  ot  silicon  by  the  reaction:  SiCl4  +  2H2  ->  Si(ad)  + 
4HC1.  The  reactive  sticking  coefficient  was  measured  and  was 
observed  to  decrease  with  increasing  temperature.  This  temperature 
dependence  was  consistent  with  a  precursor-mediated  adsorption 
model. 

We  also  examined  the  desorption  yield  following  SiCl4 
adsorption  on  Si(l  11)7x7.  SiCl2  was  observed  as  the  only  desorption 
product.  Using  isothermal  LITD  experiments,  the  desorption  kinetics 
of  SiCl2  were  measured  and  were  observed  to  follow  a  second-order 
rate  law.  The  second-order  kinetics  were  consistent  with 
monochloride  species  on  the  Si(l  11)7x7  surface  and  the 
recombinatory  desorption  of  SiCl  +  Cl  ->  SiCl2- 

Dichlorosilane,  SiCl2H2.  is  another  valuable  chlorosilane  for 
silicon  epitaxial  growth  by  the  reaction:  SiCl2H2  ->  Si(ad)  +  2HC1. 

We  examined  the  adsorption  and  desorption  kinetics  of  SiCl2H2  on 
Si(l  11)7x7  and  compared  these  results  with  the  earlier 
measurements  for  SiCl4.  Compared  with  SiCl4,  the  reactive  sticking 
coefficient  for  SiCl2H2  was  slightly  larger.  In  addition,  the 
temperature  dependence  of  the  sticking  coefficient  suggested  the 
presence  of  a  precursor  species. 

The  desorption  products  H2.  HC1  and  SiCl2  were  observed  in 
the  desorption  yield  at  800,  875  and  950  K,  respectively,  following 
SiCl2H2  adsorption  on  Si(l  11)7x7.  The  relative  yields  of  H2  and 
SiCl2  were  observed  to  be  higher  after  larger  SiCl2H2  exposures. 
Because  H2  desorption  occurs  at  the  lower  temperature  and  is  favored 
at  higher  coverages,  these  results  indicate  that  SiCl2H2  alone  will  act 
to  etch  the  Si(  1 1 1)7x7  surface.  All  the  adsorbed  chlorine  deposited 
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by  SiCl2H2  can  be  desorbed  as  HC1  only  if  extra  hydrogen  is  present 
on  the  silicon  surface. 

Our  effort  to  study  silicon  surface  chemistry  using  in  situ 
transmission  Fourier  Transform  Inirared  (FTIR)  spectroscopy  on  high- 
surface-area  porous  silicon  came  to  fruition  last  year.  Following  the 
purchase  of  a  new  Nicolet  740  FTIR  spectrometer  and  the  redesign  of 
our  FTIR-UHV  chamber,  we  studied  the  adsorption  and  decomposition 
of  H2O  and  NH3  on  porous  silicon  surfaces.  The  results  of  these 
model  oxidation  and  nitridation  reactions  firmly  established  the 
dissociative  adsorption  of  H2O  ->  Si-OH  +  Si-H  and  NH3  ->  Si-NH2 
+  Si-H.  Subsequently,  as  a  function  of  annealing  temperature,  the 
reaction  intermediates  were  observed  to  decompose  as  Si-OH  ->  Si- 
O-Si  +  Si-H  and  Si-NH2  ->  Si3N  +  2H. 

One  of  the  most  satisfying  aspects  of  this  new  FTIR  work  was  the 
excellent  agreement  between  the  FTIR  results  for  H2O  and  NH3 
decomposition  on  porous  silicon  and  our  earlier  LITD  measurements 
for  H2O  and  NH3  decomposition  on  Si(l  11)7x7.  This  agreement 
confirmed  our  earlier  assumption  that  the  SiOH  and  SiNH2  LITD 
products  observed  from  Si(l  11)7x7  represent  surface  reaction 
intermediates.  As  predicted  by  our  earlier  calculations,  we  can 
conclude  that  the  SiOH  and  SiNH2  surface  reaction  intermediates  can 
be  directly  desorbed  from  Si(l  11)7x7  during  rapid  laser  induced 
temperature  transients. 

During  the  last  three  months,  we  have  started  to  explore  the 
reaction  of  alkylsilanes  with  silicon  surfaces.  Alkylsilanes  are  possible 
replacements  for  the  more  toxic  and  flammable  silanes  and  disilanes. 
The  alkylsilanes  may  also  be  useful  for  the  atomic  layer  epitaxy  of 
silicon  devices.  Using  LITD  techniques,  we  have  recently  determined 
that  diethylsilane  adsorbs  on  Si(l  11)7x7  with  a  sticking  coefficient 
that  is  slightly  higher  than  disilane.  In  addition,  temperature- 
programmed  LITD  experiments  on  Si(l  11)7x7  indicate  that  the  ethyl 
groups  undergo  beta-hydride  elimination  at  approximately  700  K. 

We  have  also  examined  the  decomposition  of  diethylsilane  on 
porous  silicon  using  FTIR  spectroscopy.  Thermal  annealing  studies 


confirm  that  the  ethyl  groups  are  lost  at  approximately  700  K. 
Simultaneously,  the  absorbance  of  the  Si-H  stretching  vibration  is 
observed  to  nearly  double.  The  increase  of  the  hydrogen  coverage  is 
consistent  with  the  beta-hydride  elimination  reaction:  Si-CH2-CH3 

->  Si-H  +  CH2=CH2-  These  LITD  and  FTIR  experiments  are  the  first 
to  observe  beta-hydride  elimination  from  a  silicon  atom  adsorbed  on  a 
silicon  surface. 

F.  Summary  of  Plans  for  Next  Year 

The  research  for  next  year  will  continue  to  pursue  various 
epitaxial  growth  reactions  on  silicon  surfaces.  First,  we  hope  to 
establish  the  generality  of  the  beta-hydride  elimination  pathway  for 
alkylsilanes  on  silicon  surfaces.  To  accomplish  this  task,  we  will 
explore  the  decomposition  of  di-t-butylsilane,  methyl-propyl-silane 
and  butylsilane  on  Si(l  11)7x7  and  porous  silicon  surfaces.  These 
experiments  will  utilize  both  our  LITD  and  FTIR  techniques.  The 
results  of  these  studies  should  clarify  the  usefulness  of  alkylsilanes  as  a 
replacement  for  silanes  in  silicon  epitaxial  growth. 

Following  the  alkylsilane  studies,  we  will  examine  the  adsorption 
and  decomposition  of  GeCl4  and  diethylgermane  on  Si(l  11)7x7  and 
porous  silicon  surfaces  using  LITD  and  FTIR  techniques.  Both  of  these 
germanium  compounds  are  candidates  for  the  epitaxial  growth  of 
germanium  or  SiGe  alloys.  The  surface  kinetic  parameters  that  will  be 
determined  from  these  germanium  studies  should  help  to  determine 
the  ideal  conditions  for  germanium  and  SiGe  alloy  growth.  In 
addition,  we  have  performed  similar  studies  of  SiCl4  and  diethylsilane 
adsorption  and  decomposition  on  Si(  1 11)7x7  and  porous  silicon 
surfaces.  These  previous  results  will  provide  an  interesting 
comparison  with  the  planned  germanium  studies. 

Using  our  FTIR  techniques,  we  also  plan  to  examine  the  etching 
of  silicon  by  fluorine.  These  experiments  will  utilize  porous  silicon 
and  will  employ  XeF2  as  the  fluorine  source.  Because  our  transmission 
FTIR  experiments  can  measure  infrared  absorbance  down  to  400  cm' 
!,  we  will  identify  and  quantify  the  mono-,  di-  and  trifluoride  species 
on  the  silicon  surface.  By  varying  the  fluorine  coverage  and  the  surface 


temperature,  we  also  hope  to  establish  the  stability  of  the  mono-,  di- 
and  trifluoride  species.  These  infrared  experiments  should  nicely 
complement  the  earlier  XPS  studies  by  McFeely  and  coworkers  at  IBM 
Yorktown  Heights. 
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